Abstract-Detecting and classifying edge components in images find a wide range of applications from perceptually improved coding schemes to content-based searches. In this paper, a fast and systematic scheme is proposed to classify the edge orientation of each block in discrete cosine transform (DCT)-compressed images. Derived from a simple, but acceptable, pixel-domain algorithm, the proposed scheme performs directly on DCT coefficient domain and, thus, saves the arithmetic operations by a considerable amount. The performance of the proposed method is validated by the experiments against various natural images.
I. INTRODUCTION

D
ISCRETE cosine transform (DCT) is widely employed in prevailing image and video coding standards such as JPEG, MPEG-1, 2, and H.26x series for its fairly good performance in compression [2] . In a typical scheme, an image or a video frame is spatially divided into a two-dimensional (2-D) array of blocks whose sizes are 8 8 in pixels each. Then, two-dimensional (2-D) DCT is applied to each block for centralizing the energies dispersed throughout the block into low-frequency components. The DCT coefficients shall be quantized nonuniformly and further compressed by subsequent variable length coding (VLC) schemes. Because of the successful deployment of the standards, a number of images and videos distributed over the Internet and digital libraries exist encoded in such a way.
In the meantime, it is considered as a useful task for many applications (e.g. perceptually improved coding, blocking artifacts reduction, content-based search, etc.) to detect edge existence and further classify the edge pattern in a block level [7] , [8] , [14] , [16] . Such a process may be performed well in the pixel domain, but it would spend a lot of time in decompression when applied to compressed images, and much of the time is devoted to the inverse DCT (IDCT).
A few methods have attempted to interpret the block edge (BE) patterns directly from the DCT coefficients without conducting IDCT [8] - [10] , [15] . Kim and Lee [8] edge location is well captured by the polarities of the projection of DCT coefficients. They used the projection of the DCT coefficients as feature vectors and classified edge patterns by iterative learning algorithm. Incidentally, it turns out that their result is by and large in accord with ours, validated by this paper in a more theoretical sense. Shen and Sethi [15] examined the DCT coefficient patterns induced from an ideal edge model and showed how the relative values or signs of different coefficients of a block can be used to estimate variational edge parameters such as orientation, strength, and offset. Their scheme has been extended and refined afterward by Lee et al. [9] and Li et al. [10] . They formulated the variational components of the edge model in mathematical terms and attempted to extract the components by compositing a few of low-frequency coefficients. In doing so, they employed a continuous approximation of DCT for the convenience of computation, which may entail errors particularly for small blocks. Overall, most previous works are based on the inductive approach. To devise compressed domain algorithms, they started commonly from observing or calculating each DCT coefficient induced by ideal (e.g., binary and linear) edges. In those cases, it is very important how robustly nonideal edges in the real image blocks can be coped with. However, such a stability issue has not been analyzed seriously.
In this paper, we propose a systematic scheme for classifying BE patterns which performs on the compressed domain. The proposed compressed domain scheme is derived from a simple pixel-domain algorithm in a deductive way, unlike the previous works. The pixel-domain algorithm itself is very simple, but stems from a well-established theory of correlation-based pattern classification. To show the feasibility, the proposed scheme will be tested on several images and videos in Section V.
II. BRIEF IDEA: A PIXEL-DOMAIN ALGORITHM
In this section, we will describe a simple algorithm for classifying BE patterns in pixel domain. The algorithm is very similar to the one proposed in [16] except for the coefficient values of each directional filter. Throughout the paper, we will limit the block size to 8 8, which is most popular in the image coding schemes, for the sake of simplicity, although the idea itself can be applied to arbitrary size.
For detecting the BE orientation, we first divide each block into four subregions, as depicted in Fig. 1 . If we denote the intensity value of each pixel in the block by where and are the vertical and horizontal indexes, numbered from top to bottom, left to right, respectively, the average intensity value of each subregion is expressed as (1) Then, the edge orientation can be estimated from the distribution of values, as described in Table I . After measuring for , the whose measure is the largest will be selected as the BE orientation of the block.
For the application of content-based search, nondirectional edges in the block are also of an important edge type to be classified [16] . In [16] , a set of filter coefficients for detecting nondirectional edges was proposed, although it seems rather heuristic. According to their scheme, the strength of the nondirectional edge components could be measured by where is a proper emphasis factor.
III. FAST COMPUTATION IN DCT DOMAIN
In this section, we will derive an algorithm that implements the idea of Section II directly in DCT domain. If we denote the 8 8 2-D DCT can be defined as [13] (2) where if elsewhere and the inverse transform is given by (3) Combining (1) with (3), can be represented in the form of (4) where (5) The derivation of (4) and (5) will be given as the Appendix at the end of this paper. It is noteworthy that 1) ; 2)
if either or is a nonzero even number; 3) for ,
Exploiting these properties, we can rewrite the expression of each measure in Table I as (6) where (7) All of the values within in (6) can be computed only with 18 multiplications (M) and 27 additions (A). Comparing this with 94 M 454 A, which is the computational cost of a 2-D fast IDCT [5] , the DCT-domain scheme might be said to be at least five times faster than the pixel-domain approach when applied to DCT-compressed images, while preserving the same performance in BE pattern classification. 1 On the other hand, it can also be shown that . This means the nondirectional BE detection can be accommodated in the compressed domain, as well, for the content-based search application.
As plotted in Fig. 2 , the magnitude of decreases along with the and axes, which implies some of the highfrequency components may be truncated without a significant effect on the results. By experiment, it was found that even an extreme case where only s of , , 1 are used while the others being ignored still works well.
Taking note of the fact that Fig. 1(b) can be regarded as a subsampled version of Fig. 1(a) by a factor of four, we can make use of the fast subsampling methods proposed in [4] and [12] , for our goal, instead of using (4), which is derived from (1). If we follow the schemes, the intensity value of each subsampled pixel, denoted as , can be obtained by applying 2 2 IDCT to s of , ,
If we rewrite (8) in a form similar to (4)
1 A more efficient implementation is possible if the proposed scheme is combined with the preceding dequantization of DCT coefficients, as similar approaches can be found in [1] and [5] . With the dequantizing multipliers scaled by w (m; n), we can obtain Y (m; n) = w (m; n)X (m; n) instead of X (m; n), hence avoiding all of the multiplications involved in (7). where if elsewhere.
Note that (9) is a scaled 2 and truncated version of (4), satisfying all of the properties aforementioned. In (10), is assessed at 1/2 for , , 1, which simplifies (7) into while (6) remains unchanged. In this case, the computational cost involved in computing the values of in (6) is only 6 A. Fig. 3 compares (4) and (9) in terms of the characteristic curve for detecting BE along the line perpendicular to the edge direction in pixel domain.
IV. EXTENSION TO MOVING PICTURES
The proposed scheme is extensible to moving picture cases with a little effort. In this section, we will take a brief look at the extensibility of the proposed method to the videos compressed with motion compensation (MC) scheme (e.g., MPEG-1, 2 videos).
It is straightforward to classify BEs on an I-frame since it has no difference from that of a still image. However, the BE classification on a P-or B-frame is more complicated. The problems are primarily caused by the fact that the DCT coefficients at the referenced position of the anchor frame are needed, but the reference position is not necessarily fitted in the grid structure of 8 8 blocks. According to [3] and [17] , it is feasible to recover the exact values of DCT coefficients at the arbitrary reference position by compositing the DCT coefficients of the four neighboring blocks. Although this does not involve IDCT, it still requires complexity (refer to [17] for more details).
For the sake of simplicity, we may as well estimate the average intensity values of subregions at the referenced position, Fig. 3 . Comparison of the characteristic curves for BE detection in pixel domain between the cases (a) where S is computed according to (4) and (b) where S is computed according to (9) . similarly as the dc images could be well estimated by the firstorder approximation in [17] , by (11) where the notations are from Fig. 4 . Then, each of the measures in Table I can be separated into two parts: a reference part (in Fig. 8. (a) I-frame and subsequent P-frames from a GOP (spanning from the 6005th frame to the 6019th frame) of a Golf video. (b) BE labeling result after exact reconstruction of DCT coefficients. (c) BE labeling results after first-order approximation of S . The threshold value is set to 15 in both cases.
the anchor frame) and a residue part (in the current frame). For example, can be rewritten as where is just the same as in (7) except that, in this case, denotes the DCT coefficients of a residue block in the current frame.
The observation made in [17] when estimating dc images in a similar fashion suggests that (11) will be a good estimate to the exact value in spite that this estimation cannot avoid error propagation within a group of pictures (GOP).
V. EXPERIMENTAL RESULTS
To demonstrate the validity of the proposed method, it was tested on several still images and an MPEG-1 video sequence. For the experiments on still images, we first compressed the original images using a JPEG software publicly released by the Independent JPEG Group [6] . Then, we decoded VLCs (i.e., Huffman and run length codes) and dequantized the DCT coefficients for each block. Upon the DCT coefficients being obtained, we applied the proposed algorithm to identify the BE patterns and label each block using the notation of Fig. 5 .
Figs. 6 and 7 illustrate the results of BE pattern labeling for Lena and Peppers image, respectively, where the threshold value varies from 10 to 20. Because there has been no proper measure for assessing objectively the classification performance, we may have to rely on subjective evaluation. It is shown that the BEs could be identified fairly well with in between 15 and 20. The performance of the proposed algorithm appears comparable to those of the previous works [10] , [15] . 3 In order to further enhance the labeling results, some post-processing methods that utilize the context of the neighboring BE labels may also be introduced.
On the other hand, we used a Golf video (MPEG-1, GOP structure IBBPBBPBBPBBPBB), which is from the MPEG-7 content set [11] , for showing the extensibility of the proposed scheme to the moving pictures as described in Section IV. The BE pattern labeling was conducted using both schemes of exact reconstruction of DCT coefficients and first-order approximation of and the results were compared in Fig. 8 . For the experiment, the threshold value is set to 15. The mismatch rate of BE labels between the two schemes, measured by
Mismatched blocks
Blocks may indicate the approximation errors and their propagation. Fig. 9 shows the BE label mismatch rate, measured over three GOPs (45 frames) of the Golf video. It is experimentally shown that the mismatch rates are bounded lower than 10%.
VI. CONCLUSION
In this paper, we proposed a novel algorithm for detecting and classifying edge components of images in the block level that is useful in a wide range of applications [7] , [8] , [14] , [16] . The proposed scheme, systematically derived from a pixel-domain algorithm, performs on the DCT coefficient domain with minimal arithmetic operations (especially multiplications).
Since the proposed method is also applicable to moving pictures without a severe increase in complexity, as discussed in Sections IV and V, it may be utilized for efficient video analysis, such as scene detection and classification, which is one of our on-going research topics. APPENDIX DERIVATION OF (4) AND (5) Combining (1) with (3), we obtain (12) Note that the parenthesized term in (12) has been denoted by in this paper. If we utilize a property of cosine's read as (13) is reduced to Keeping in mind that is either 0 or 1 and, for each case if if can be rewritten as , since according to (13) . The same thing also applies to , completing the proof of (4) and (5).
